Chronic pressure-mediated baroreflex activation suppresses renal sympathetic nerve activity. Recent observations indicate that chronic electric activation of the carotid baroreflex produces sustained reductions in global sympathetic activity and arterial pressure. Thus, we investigated the effects of global and renal specific suppression of sympathetic activity in dogs with sympathetically mediated, obesity-induced hypertension by comparing the cardiovascular, renal, and neurohormonal responses to chronic baroreflex activation and bilateral surgical renal denervation. After control measurements, the diet was supplemented with beef fat, whereas sodium intake was held constant. After 4 weeks on the high-fat diet, when body weight had increased Ϸ50%, fat intake was reduced to a level that maintained this body weight. This weight increase was associated with an increase in mean arterial pressure from 100Ϯ2 to 117Ϯ3 mm Hg and heart rate from 86Ϯ3 to 130Ϯ4 bpm. The hypertension was associated with a marked increase in cumulative sodium balance despite an approximately 35% increase in glomerular filtration rate. The importance of increased tubular reabsorption to sodium retention was further reflected by Ϸ35% decrease in fractional sodium excretion. Subsequently, both chronic baroreflex activation (7 days) and renal denervation decreased plasma renin activity and abolished the hypertension. However, baroreflex activation also suppressed systemic sympathetic activity and tachycardia and reduced glomerular hyperfiltration while increasing fractional sodium excretion. In contrast, glomerular filtration rate increased further after renal denervation. Thus, by improving autonomic control of cardiac function and diminishing glomerular hyperfiltration, suppression of global sympathetic activity by baroreflex activation may have beneficial effects in obesity beyond simply attenuating hypertension. (Hypertension. 2012;59:331-338.) • Online Data Supplement
A lthough obesity-related hypertension has an important neurogenic component, the role of the sympathetic nervous system in mediating the cardiovascular, renal, neurohormonal, and metabolic abnormalities associated with weight gain is not completely understood. 1, 2 Recently, modern device technology has allowed for prolonged electric stimulation of the carotid baroreflex in a controlled manner. This has provided a novel, nonpharmacological approach for chronically suppressing central sympathetic outflow and lowering arterial pressure. 3 In preclinical studies, this device has been used to better understand the mechanisms that mediate long-term reductions in arterial pressure in response to suppression of sympathetic activity in both normotensive and hypertensive dogs. 3 These studies have provided a strong physiological rationale for pursuing recent clinical trials evaluating the efficacy of baroreflex activation therapy in patients with resistant hypertension. 4 -7 To date, findings from clinical trials indicate that chronic electric stimulation of the carotid baroreflex has sustained effects to lower arterial pressure in patients with resistant hypertension. 4 -7 Given the importance of the kidneys in long-term control of arterial pressure and recent observations that the natural activation of the baroreflex chronically suppresses renal sympathetic nerve activity (RSNA) and promotes sodium excretion, 8 -13 preclinical studies have focused on the mechanisms whereby chronic electric activation of the carotid baroreflex increases renal excretory function. 3 Interest in the renal nerves as a mediator of neurogenic hypertension has recently intensified after the introduction of another medical device for hypertension therapy. This device specifically targets the innervation to the kidneys. 14, 15 Studies using catheter-based endovascular radiofrequency ablation of the renal nerves, like those using baroreflex activation, have demonstrated impressive antihypertensive effects in patients with resistant hypertension. Furthermore, a report in a patient with resistant hypertension indicating that renal sympathetic denervation was associated with decreased systemic sympathetic activity as well as arterial pressure has further captured the attention of investigators. 16 This observation suggests that sensory afferent signals from the kidneys to the brain contribute to central sympathetic outflow. Although this finding has not been confirmed in a patient population of sufficient size, device-based therapy has rekindled interest in the role of renal efferent nerves in mediating neurogenic hypertension and the potential role of renal afferent nerves in contributing to systemic sympathetic activation.
By comparing the effects of baroreflex activation and surgical renal denervation in the same dogs with established obesity-induced hypertension, the main goal of this study was to determine whether the cardiovascular, neurohormonal, renal, and metabolic (insulin resistance) responses to global sympathetic suppression by baroreflex activation can be achieved by direct renal denervation. This model of hypertension in the dog was chosen because it mimics many of the abnormalities of human obesity, 2,17-19 and many patients with resistant hypertension are obese. 20, 21 Because there is little information on the relative effects of these 2 interventions on renal function and central sympathetic outflow, these were areas of focus in the present study. We hypothesized that by chronically suppressing central sympathetic outflow, baroreflex activation would diminish the augmented rate of sodium reabsorption and the concomitant glomerular hyperfiltration and hypertension associated with obesity. In comparison, although renal denervation was expected to lead to some degree of blood pressure reduction, additional systemic and renal responses to removal of the afferent and efferent innervation of the kidneys were more difficult to predict.
Methods

Animal Preparation
All procedures were performed in accordance with National Institutes of Health Guidelines and approved by the Institutional Animal Care and Use Committee. Surgical procedures were performed under isoflurane anesthesia (1.5-2.0%) after premedication with acepromazine (0.15 mg/kg, sq) and induction with thiopental (10 mg/kg, sq).
Six male dogs weighing 23-26 kg were used in this study. Arterial and venous catheters were implanted for continuous measurement of arterial pressure and blood sampling and for continuous intravenous infusion of isotonic saline as previously described. 19, 22, 23 In addition, stimulating electrodes were implanted around each carotid sinus, and the lead bodies were connected to a pulse generator. 19, 22, 23 The electrodes and the pulse generator were provided by CVRx, Inc. (Maple Grove, MN).
General Methods
Obesity hypertension was produced using the same protocol that we and others have previously reported. 18, 19 In short, during a 3-week postoperative period and throughout the study, the dogs were maintained in metabolic cages, given free access to water, and fed a fixed daily diet containing Ϸ5 mmol of sodium and Ϸ55 mmol of potassium. In addition, the dogs received a continuous intravenous infusion of isotonic saline at a rate of 350 mL/d. Thus, total daily sodium intake was Ϸ60 mmol throughout the study. Water consumption was monitored daily and 24-hour urine samples were collected at 11 AM each day at the time of feeding. During the 3-week postoperative period, the dogs were trained to lie quietly in their cages for several hours each morning to allow blood sampling and measurement of glomerular filtration rate (GFR). After this 3-week period of acclimation when electrolyte and fluid balance was achieved, steady-state control measurements were made. Subsequently, cooked beef fat was added to the regular diet for the remainder of the study. During the initial 4 weeks of the high-fat feeding, the diet was supplemented with 0.6 -0.7 kg/d fat until body weight increased to Ϸ150% of control. Once this weight gain was achieved, dietary fat was reduced (on day 29) to 0.1-0.15 kg/d to maintain a constant body weight for the remainder of the study. This reduction in fat intake commenced 4 days before electric stimulation of the carotid baroreflex on day 33.
During the control period (the days immediately preceding fat feeding) and at weekly intervals throughout the experimental periods, blood samples (Ϸ10 mL) were taken from one of the 2 arterial catheters and GFR was measured while the dogs were recumbent and in a resting state. Arterial pressure was sampled continuously at 100 samples/s, 24 hours/d, using a Power Laboratory data-acquisition system (ADInstruments) and displayed and recorded on a computer for subsequent analysis. 23 The daily values for mean arterial pressure (MAP) and heart rate were averaged from the 20-hour period extending from 11:30 to 7:30 AM.
Experimental Protocol
Experimental protocol consisted of (1) control; (2) days 1-28, high fat (developmental phase of obesity and hypertension); (3) days 29 -60, reduced fat (established phase of obesity hypertension); days 33-40, baroreflex activation (1 week); days 40 -47, recovery (1 week); day 47, bilateral renal denervation; and day 60, end of study (2 weeks after renal denervation).
For the 7 days of carotid sinus stimulation (days 33-40), the pulse generator was programmed to target a reduction in arterial pressure from hypertensive to control levels. This goal was achieved by making small adjustments in voltage during days 1-2, but no changes in the parameters of activation were made after the first 48 hours of activation. Stimulation parameters were 3-6 V, 30 Hz, and 0.5-ms pulse duration. On day 47, the dogs were subjected to surgical bilateral renal denervation using procedures previously used in our laboratory. 24 To verify completeness of renal denervation, renal cortical samples for measurement of renal tissue norepinephrine (NE) were taken from the dogs at the end of the study. For comparison, samples were also taken from 6 lean dogs with innervated kidneys.
Analytic Methods
GFR was determined from the clearance of 125 I-iothalamate. 18 The distribution space of 125 I-iothalamate was used as an index of extracellular fluid volume. Filtered load of sodium was determined from measurements of GFR and plasma sodium concentration. Fractional sodium excretion was calculated from the filtered load and urinary excretion of sodium. Plasma renin activity (PRA) and plasma levels of aldosterone, cortisol, and insulin were measured by radioimmunoassay. 19, 22, 23 Plasma NE concentration and renal tissue levels of NE were measured by high-performance liquid chromatography with electrochemical detection. Approximately half of the NE determinations were made in our laboratory 25, 26 and half in the laboratory of Dr David S. Goldstein. 27 Determinations of standard plasma samples in each laboratory were comparable, and plasma NE values for each dog were determined in a single assay. Plasma glucose concentration was measured with the glucose oxidation method. 19 Standard techniques were used to measure hematocrit and the plasma concentrations of sodium, potassium, and protein. 19, 22, 23 
Statistical Analyses
Results are expressed as meanϮSEM. One-way, repeated-measures ANOVA followed by either the Dunnett or Bonferroni post hoc t tests for multiple comparisons was used to compare responses to appropriate controls during the developmental (high fat) and established phases of hypertension (reduced fat), respectively. Statistical significance was considered to be PϽ0.05.
Results
Developmental Phase of Hypertension
Hemodynamic and Renal Responses
The hemodynamic and renal responses were similar to those reported previously in this model of obesity 18, 19 and are summarized in Table S1 (please see http://hyper.ahajournals.org). During the first 4 weeks of the high-fat diet, there was a progressive increase in MAP associated with weight gain. On day 28, MAP was increased 17Ϯ3 mm Hg along with the target weight gain of Ϸ50%. Heart rate increased substantially during the development of the hypertension. The induction of hypertension during weight gain was associated with marked sodium retention. During the control period, sodium and potassium excretion was 60Ϯ2 and 48Ϯ3 mmol/d, respectively, reflecting the intake of these electrolytes, whereas sodium excretion averaged 49Ϯ2 mmol/d during the 4 weeks on the high-fat diet. Thus, during the initial 4 weeks of the high-fat diet, there was an average retention of Ϸ320 mmol of sodium, along with an increase in sodium iothalamate space of Ϸ2.0 -2.5 L (Table S1 , please see http://hyper.ahajournals.org). There was no significant change in potassium excretion during the high-fat diet. Throughout the 4 weeks of the high-fat diet, there were reciprocal changes in GFR and fractional sodium excretion. On day 28, GFR increased and fractional sodium excretion decreased by Ϸ35%. Therefore, the sodium retention associated with fat feeding can be accounted for by an increase in tubular reabsorption of sodium.
Neurohormonal Responses
The neurohormonal responses during the high-fat diet were also similar to those we have reported previously (Table S2 , please see http://hyper.ahajournals.org). 19 In brief, other than a transient increase in PRA during week 1 of the high-fat diet, there were no significant changes in the renin-angiotensin-aldosterone system or in plasma levels of cortisol and NE. Although there were no increases in plasma glucose concentration, plasma insulin concentration was elevated throughout the entire 4 weeks of the high-fat diet. This resulted in a marked fall in the glucose-to-insulin ratio from a control value of 16.4Ϯ3.1 to 4.8.Ϯ0.6 (day 28), indicating insulin resistance.
Plasma protein concentration increased progressively during the high fat diet rising from a control level of 5.8Ϯ0.2 to 6.5Ϯ0.2 g/dL on day 28. Other than a transient decrease in hematocrit (Ϸ10%) on day 7, there were no additional changes in hematocrit (controlϭ0.43Ϯ0.02), plasma sodium (controlϭ144Ϯ1 mmol/L), or plasma potassium (con-trolϭ4.0Ϯ0.1 mmol/L) concentration during the development of obesity hypertension.
Established Phase of Hypertension
Responses to Baroreflex Activation
As illustrated in Figure 1 , baroreflex activation completely abolished the hypertension and greatly diminished the tachycardia associated with weight gain. Further, the lowering of arterial pressure with baroreflex activation occurred concurrently with significant reductions in both plasma NE concentration and PRA ( Figure 2 ). As reported previously, 19 there were no significant changes in body weight or sodium balance during baroreflex activation when compared with prestimulation values (day 32); sodium-iothalamate space was also unchanged. Concomitant with increasing fractional sodium excretion toward lean values, baroreflex activation also diminished the hyperfiltration associated with obesity ( Figure 3) , indicating a primary reduction in the elevated rate of tubular sodium reabsorption. After terminating baroreflex activation, all of the above measures returned to values that were not significantly different from prestimulation levels on day 32. Other than the reductions in PRA and plasma NE concentration, there were no other significant changes in the plasma levels of any measured hormones, glucose, electrolytes, or in hematocrit. Consequently, there was no change in the glucose-insulin ratio from day 32 before (5.5Ϯ0.7) to day 39 of baroreflex activation (5.8Ϯ0.6).
Responses to Renal Denervation
Similar to baroreflex activation, renal denervation abolished obesity-induced hypertension (Figure 4) , along with suppressing PRA (Figure 2 ). These reductions in arterial pressure and PRA were not significantly different from those occurring during baroreflex activation. However, unlike baroreflex activation, renal denervation did not lower plasma NE concentration or attenuate the tachycardia associated with weight gain. There were no significant changes in body weight, sodium balance, or sodium-iothalamate space after renal denervation. In addition, in contrast to the reduction in GFR with baroreflex activation, GFR actually increased further after renal denervation; fractional sodium excretion remained suppressed (Figure 3) .
Other than the reduction in PRA, there were no significant changes in the plasma levels of any measured hormones, glucose, electrolytes, or in hematocrit. Consequently, there was no change in the glucose-to-insulin ratio from day 39 proceeding (4.9Ϯ0.4) to day 60 after renal denervation (4.5Ϯ0.5).
In dogs with intact innervation, levels of NE in the renal cortex were 564Ϯ113 ng/g tissue. In the obese denervated dogs, tissue levels of NE were markedly reduced to 22Ϯ8 ng/g tissue. These values in innervated and denervated kidneys reflect the completeness of renal denervation. 24
Discussion
Dogs fed a high-fat diet for several weeks exhibit many of the hemodynamic, neurohormonal, renal, and metabolic changes associated with obesity in human subjects including weight gain, sodium retention, hyperfiltration, hypertension, tachycardia, hyperinsulinemia, insulin resistance, and activation of the sympathetic and renin-angiotensin systems. 2, [17] [18] [19] In the present study, both baroreflex activation and renal denervation abolished obesity-induced hypertension in dogs, highlighting the importance of RSNA in mediating the increase in arterial pressure. Furthermore, in both instances, the reduction in arterial pressure occurred concurrently with suppression of the renin-angiotensin system, suggesting that neurally induced renin release contributes significantly to the maintenance of the hypertension. However, beyond these analogous responses, the effects of baroreflex activation and renal denervation on systemic sympathetic activity, as well as cardiac and renal function, were significantly different. These functional differences may have relevance to the progression of cardiovascular disease in obesity. Finally, these interventions did not affect postabsorptive levels of insulin or glucose, indicating that the insulin resistance associated with weight gain may be independent of increased sympathetic activity.
There is considerable evidence for increased activation of the sympathetic nervous system throughout the evolution of obesity-related hypertension. 1,2,28 -32 Furthermore, measurements of renal NE spillover in both the early prehypertensive and advanced hypertensive stages of obesity in human subjects indicating increased RSNA are consistent with the hypothesis that the renal nerves provide the critical link between increased central sympathetic outflow and impaired renal function that leads to and sustains the hypertension. 31, 32 Therefore, because the natural activation of the baroreflex in hypertension has sustained effects to suppress RSNA and promote sodium excretion, 10 -13 it was not surprising that baroreflex activation had pronounced blood pressure-lowering effects in this experimental model of obesity-induced hypertension. In fact, baroreflex activation completely abolished the hypertension, confirming our previous findings. 19 Furthermore, complete elimination of the hypertension by abrogating the sympathetic drive to the kidneys by renal denervation emphasizes the importance of increased RSNA in sustaining the hypertension. The finding that the renal nerves are of paramount importance in sustaining obesityinduced hypertension is consistent with the report that bilateral renal denervation before weight gain prevented the development of obesity-related hypertension in dogs fed a high-fat diet. 33 It should be noted that the absence of a significant increase in plasma NE concentration during the development of obesity hypertension in the present study is not inconsistent with sympathetic activation. Such an increase in plasma NE concentration probably was masked by increases in extracellular fluid volume (Table S1 ) and cardiac output associated with the weight gain, 18 which would be expected to lower circulating levels of NE by dilution and increased tissue extraction, respectively. 34 Although not directly evaluated, the results of the present study suggest that activation of the renin-angiotensin system, through neurally induced renin secretion, contributes importantly to obesity hypertension. It should be pointed out, however, that although increases in PRA have been reported in experimental animals and in human subjects during the evolution of obesity-induced hypertension, 2, 18, 28, 35 this has not been a consistent finding. 19,33,36 -37 In the present study, PRA was increased above control levels after 1 week of fat feeding but not in the subsequent developmental or established phases of the hypertension. The temporal changes in PRA during the development of obesity hypertension in the present study suggest one possible explanation for the variable PRA findings reported by others. That is, although the progression from the initial to the more advanced stages of obesity hypertension may be associated with persistent neural stimulation of renin secretion, the neural drive to increase renin release may be partially offset in time by the progressive increase in arterial pressure. More specifically, as a result of its actions to promote sodium reabsorption in the proximal tubule and loop of Henle, one way increased RSNA stimulates renin secretion-in addition to directly stimulating juxtaglomerular cells-is by reducing sodium chloride delivery to the macula densa. In time, however, the rise in arterial pressure, concomitant with salt and water retention and expansion of extracellular fluid volume, would be expected to increase sodium delivery to the macula densa and thus suppress renin secretion. This would partially counteract the direct tubular and juxtaglomerular actions of the renal nerves favoring renin secretion. Thus, the more established phases of obesity hypertension may be associated with only subtle increases in renin secretion, not easily discerned by intermittent measurements of PRA. Nonetheless, this does not discount the importance of the renin-angiotensin system in the hypertensive process. One could argue that for the level of volume expansion and the prevailing degree of hypertension associated with obesity, PRA should be depressed, not normal. Moreover, in the present study, substantial reductions in PRA and arterial pressure occurred in parallel with both systemic and renal-specific inhibition of sympathetic activity, pointing to the importance of neurally-induced renin secretion in contributing to the hypertension. Finally, despite the equivocal levels of PRA reported in experimental and clinical studies, chronic administration of angiotensin II receptor antagonists or angiotensin converting enzyme inhibitors is effective in reducing elevated blood pressure in obese animals and humans, 2, 38, 39 indicating the importance of the renin-angiotensin system in the pathogenesis of the hypertension.
Although both baroreflex activation and renal denervation suppressed renin secretion and blood pressure, these manipulations differed substantially in their ability to diminish the systemic sympathoexcitation of obesity hypertension. The pronounced fall in plasma NE concentration during baroreflex activation indicates a potent sustained effect of this reflex to attenuate the high levels of central sympathetic outflow in obesity. In contrast, renal denervation failed to reduce the high circulating levels of NE associated with weight gain, suggesting that sensory afferent signals from the kidneys do not contribute importantly to chronic sympathetic overactivity in obesity hypertension. Thus, this finding does not support the hypothesis that renal afferents add to the systemic sympathetic activation in patients with resistant hypertension, 14 -16 despite obesity being a common feature in these individuals. 20, 21 Experimental evidence favoring this hypothesis is based on observations in one patient with resistant hypertension. 16 In this subject, chronic reductions in central sympathetic outflow occurred after catheter-based renal sympathetic denervation. It will be of interest to determine whether this observation is confirmed in a larger patient population with resistant hypertension treated with multiple medications. Further, because impaired renal function is a common finding in patients with resistant hypertension, 20, 21 sensory afferent signals originating from the kidneys and leading to systemic sympathetic activation may be dependent on the degree of renal dysfunction. This interesting possibility merits investigation.
In the present study, baroreflex activation and renal denervation also had disparate effects on heart rate. The tachycardia associated with weight gain was substantially diminished by baroreflex activation but not by renal denervation. Although it is reasonable to suggest that the decrease in heart rate with baroreflex activation might be related to suppression of sympathetic activity, it is relevant that the tachycardia of obesity hypertension is associated with impaired baroreflex control of both sympathetic and vagal outflow. 29 Furthermore, despite increases in sympathetic activity to the kidneys and the skeletal muscle vasculature, there is no clear increase in sympathetic outflow to the heart in obesity hypertension, 1, 32 clearly illustrating the regional differences in sympathetic responses. More specific to the present model of obesity hypertension, studies using autonomic blockade have demonstrated that the increased heart rate in dogs fed a high-fat diet is primarily due to decreased vagal tone rather than to increased sympathetic activity. 40, 41 In addition, studies in normotensive dogs indicated that chronic baroreflex activation augmented spontaneous baroreflex control of heart rate over time scales consistent with vagal activity. 23 Nonetheless, regardless of relative contributions of sympathetic suppression and parasympathetic activation in diminishing the tachycardia of obesity, by improving autonomic balance to the heart, baroreflex activation may prevent and arrest life-threatening arrhythmias.
The findings in the present study also indicated significant differences between the renal responses to baroreflex activation and renal denervation. Specifically, 2 of the most pronounced responses to weight gain were sodium retention and glomerular hyperfiltration. The glomerular hyperfiltration associated with both sodium retention and reduced fractional sodium excretion (increased fractional sodium reabsorption) during weight gain indicates that the increase in GFR was a compensatory response to achieve sodium bal-ance. One possibility to explain the increased GFR in obesity is that increased RSNA had a primary effect to increase sodium reabsorption prior to the macula densa. This is in keeping with the progressive response to increased stimulation of the renal nerves, with modest increases in adrenergic activity leading to increased sodium reabsorption directly and indirectly by stimulating renin secretion (higher levels of activation having vascular effects to decrease GFR and blood flow). 42 Increased sodium reabsorption in the proximal tubule and/or loop of Henle, sites of action of the renal nerves and angiotensin II, would increase fractional sodium reabsorption (decrease fractional sodium excretion) and decrease sodium chloride delivery to the macula densa. 43 This, in turn, would elicit a tubuloglomerular feedback signal to dilate the afferent arteriole and increase GFR. By inhibiting RSNA, there is an increase in fractional sodium excretion (decrease in fractional sodium reabsorption), which attenuates the high rate of sodium reabsorption. This increase in sodium chloride delivery to the macula densa would be expected to lead to a tubuloglomerular feedback mediated constriction of the afferent arteriole, which is a likely explanation for the fall in GFR with baroreflex activation. If this is indeed the primary mechanism that diminishes hyperfiltration during baroreflex activation, then constriction of the afferent arteriole may reduce glomerular injury and the progressive hypertension in the more chronic phases of obesity.
In contrast to the effect of baroreflex activation to diminish glomerular hyperfiltration, GFR actually increased further after renal denervation. Increased GFR in the absence of a change in fractional sodium reabsorption (Figure 3 ) may reflect a prominent vasodilatory response in preglomerular vessels due to greater renal adrenergic suppression than achieved with baroreflex activation. 43 The increase in GFR in the absence of a change in fractional sodium excretion may reflect the balance between the primary vascular and tubular effects of renal sympathetic denervation, actions that decrease and increase fractional sodium excretion, respectively. 43 Although controversial, it has been suggested that activation of the sympathetic nervous system contributes to insulin resistance. 44 Although the mechanism was not addressed, a recent report indicated that insulin sensitivity improved after renal sympathetic denervation in patients with resistant hypertension and insulin resistance. 45 In contrast, in the present study, neither renal denervation nor baroreflex activation lowered the elevated postabsorptive levels of insulin or altered plasma glucose concentration. Thus, the present study does not support the contention that either renal-specific or systemic inhibition of sympathetic activity improves insulin sensitivity in obesity hypertension.
Because of the nature of this study, a potential limitation was that randomization of interventions was not possible. That is, baroreflex activation had to precede renal denervation, and time-dependent control studies in obese dogs were not performed. However, dietary intake and body weight were constant throughout the established phase of obesity hypertension, and recovery values 1 week after baroreflex activation were similar to those measured before carotid sinus stimulation. Furthermore, unpublished data from one of the authors (J.R.H.) indicate that blood pressure and heart rate are stable for at least 5 weeks after establishment of obesity hypertension. Therefore, we believe that time-dependent changes were insignificant and unlikely to have influenced the findings. An additional limitation is that this experimental model of obesity-induced hypertension does not reproduce all the abnormalities present in resistant hypertension, and therefore extrapolation of the current findings to this complex disease state should be made with caution.
Perspectives
The technology to chronically stimulate the carotid baroreflex has provided a unique experimental tool for understanding the mechanisms that not only mediate the blood pressurelowering effects of the baroreflex but also the cardiovascular responses to suppression of central sympathetic outflow in general. The mechanistic insight from experimental studies is particularly relevant to the current fascination with devicebased therapy for the treatment of resistant hypertension because it helps to identify subsets of this heterogeneous population who stand to benefit the most. Although impressive reductions in arterial pressure have been reported in patients with resistant hypertension when treated with devicebased therapy, little is known about the renal hemodynamic effects of these novel interventions. Because glomerular hypertension and hyperfiltration are precursors of progressive renal injury in obesity 2 and obesity is commonly present in patients with resistant hypertension, 20,21 an especially important finding in the present study is that baroreflex activation may reduce glomerular hyperfiltration by constricting the afferent arteriole through the normal physiological action of tubuloglomerular feedback. Therefore, this may add to the clinical benefit of lowering arterial pressure during baroreflex activation in patients with drug-resistant hypertension. However, this possibility will require careful temporal determinations of renal function in this patient population with diverse degrees of kidney impairment.
